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Abstract 

Background: The circle of Willis is an important source of collateral blood flow to maintain adequate cerebral 
perfusion, particularly in the posterior circulation. Some studies report a relationship between incomplete circle of 
Willis and migraine, whereas other studies show no difference between the prevalence of incomplete circle of Willis 
in migraineurs and controls. In the present study we compared the prevalence of incomplete circle of Willis in 
female migraine patients without aura to female healthy non-migraine controls. 

Using 3-Tesla magnetic resonance angiography we recorded three-dimensional time-of-flight angiograms in 85 
female participants (48 migraine patients without aura [median age 28 years] and 37 healthy controls [median age 
25 years]). The images were subsequently analysed blindly by a neuroradiologist to detect incomplete circle of Willis. 

Findings: We found no difference between the prevalence of incomplete circle of Willis in patients, 20/47 (43%), and 
controls, 15/37 (41%), p = 0.252. Post hoc analysis showed a significant relationship between age and prevalence of 
incomplete circle of Willis, p = 0.003. 

Conclusion: We found no relationship between migraine without aura and incomplete circle of Willis. 
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Introduction 

Migraine patients are at increased risk of ischemic vas- 
cular disease [1]. The risk of ischemic stroke is roughly 
doubled in patients with migraine [2]. Furthermore, 
some studies reported a positive correlation between the 
risk of ischaemic stroke and frequency of migraine at- 
tacks. The mechanisms that link migraine to ischemic 
vascular disease are unknown [3]. It seems that cerebral 
infarcts preferentially affect posterior circulation [4,5]. 
The presence of the circle of Willis anomalies may con- 
tribute to decrease of cerebral blood flow in response to 
cortical spreading depression [6]. The circle of Willis is 
an important source of collateral blood flow to maintain 



* Correspondence: ashina@dadlnet.dk 

Danish Headache Center, Department of Neurology, Glostrup Hospital, 
University of Copenhagen, Nordre Ringvej 57, Glostrup DK-2600, Denmark 
Full list of author information is available at the end of the article 



adequate cerebral perfusion, in particular the posterior. 
Human studies show large anatomical variability in the 
general population [7]. Most recently, Cucchiara and 
colleagues [8] found significant higher prevalence of an 
incomplete circle of Willis in migraine with aura (71%) 
and a strong trend (p = 0.08) in patients without aura 
(67%) compared to controls (51%). Based on these data 
the authors suggested that migraine with aura might dif- 
fer from migraine without aura in terms of vascular 
physiology [8]. This study included patients elder than 
25 years. Age is negatively correlated with arterial diam- 
eter in the circle of Willis [7], which causes that the 
smallest arteries may not be visualized unless the image 
resolution is accordingly increased. In addition, this 
study used a clinic-based control group, which poten- 
tially could have biased the outcome. These factors 
could potentially influence the outcome on differences 



Springer 



© 2014 Ezzatian-Ahar et al.; licensee Springer. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.Org/licenses/by/4.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly credited. 



Ezzatian-Ahar et al. The Journal of Headache and Pain 2014, 15:27 
http://www.thejournalofheadacheandpain.eom/content/15/l/27 



Page 2 of 4 



between migraine without aura patients and controls. 
Therefore, in the present study we studied a large 
number of female migraine patients without aura and 
compared them to healthy volunteers without known risk 
factors for cerebrovascular diseases using high-resolution 
time-of-flight magnetic resonance angiography at 3-Telsa. 
We hypothesized that circle of Willis is more frequent 
in patients compared with the healthy volunteers. 

Material and methods 

Participants and study design 

For this study, we pooled all magnetic resonance angiog- 
raphy images of female participants recorded at baseline 
in several previous studies of migraine without aura pa- 
tients and healthy volunteers at the Danish Headache 
Center (Glostrup, Denmark) between 2007 and 2013 
(Figure 1). None of the participants had a headache or 
used painkillers or triptans at least 48 h prior to mag- 
netic resonance angiography scans. Moreover, none of 
the participants suffered from a serious somatic disease, 
particularly cardiovascular or cerebrovascular disease; 
were pregnant or nursing; had any contradiction for 
magnetic resonance imaging scan (i.e. metal in the body 
or claustrophobia). Smoking was an exclusion criterion 
in all studies. Exclusion criteria for the migraine patients 
were chosen to avoid factors, which could, potentially, 
affect the imaging outcome. For instance, vascular comor- 
bidity and altered cerebral blood flow are factors that affect 
the MR signal. Additionally, none of the healthy volunteers 
had any headache more than once per month. Migraine 
patients fulfilled the IHS criteria [9] for migraine without 
aura and they were recruited from the outpatient clinic at 
the Danish Headache Center or via announcements on a 



Migraine studies (MS) 
(n = 52) 



Danish website for recruitment of volunteers for biomed- 
ical research (www.forsoegsperson.dk). Five out of 48 pa- 
tients were recruited from the outpatient clinic. All healthy 
volunteers were recruited from www.forsoegsperson.dk. 
The regional ethical committee of Copenhagen, Denmark, 
approved all included studies and a written informed con- 
sent was obtained from participants. The studies were con- 
ducted in accordance with the Helsinki Declarations. 

MRA acquisition 

In all studies a 3.0 Tesla Philips Achieva machine (Philips 
Medical Systems, Best, Netherlands) was used to acquire 
single-slab three-dimensional time-of-flight magnetic 
resonance angiography of the circle of Willis with the 
following parameters: field of view, 200 x 200 x 74 mm 3 ; 
matrix size, 800 x 406; acquired voxel resolution, 0.25 x 
0.49 x 1.00 mm 3 ; reconstructed resolution, 0.20 x 0.20 x 
0.50 mm 3 ; repetition time, 25 ms; echo time 3.5; flip angle 
20 degrees; sense factor 2; four chunks; acquisition time, 
9 min 3 seconds. 

Image analysis 

Magnetic resonance angiography data were imported in 
DICOM format to the free DICOM viewer K-PACS for 
Windows (version 1.6.0) by a senior radiologist (HGO) in 
blinded and randomized fashion. The radiologist assessed 
the circle of Willis morphology once and reported if the cir- 
cle was complete or incomplete. Assessment of the circle of 
Willis was done according to Krappe-Hartkamp et al. [7] 
and Cucchiara et al. [8]. Maximum intensity projections 
(Figure 2) and source images (with three-dimensional re- 
construction) were both used for circle of Willis classifica- 
tion. Circle of Willis was thus classified as 1) complete (all 



Healthy volunteers (HV) 
(n = 61) 



Participants after removal of duplicates 
(MS: 48; HV: 52) 



Female participants included 
(MS: 48, HV: 37) 



Males excluded 
(MS: 0; HV: 15) 



Scans not described 
(MS: 1, HV:0) 



Participants included in 
the final analysis 

(MS: 47; HV: 37) 



Figure 1 Flowchart of the study. 
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Figure 2 Axial maximum intensity projection images of a complete (left side) and an incomplete (right side) circle of Willis from 
one patient. 



component vessels of both anterior and posterior parts of 
the circle of Willis visible and > 0.8 mm diameter) or 2) 
incomplete (either anterior or posterior parts of the circle 
of Willis incomplete). It is difficult to assess the smaller 
communicating arteries on two-dimensional images and it 
may require repeated assessments or different observers to 
be confident. However, it is much easier to detect the pres- 
ence or absence of these small arteries using the three- 
dimensional reconstruction mode. We, therefore, decided 
that only one radiologist would assess the images. 

Statistics 

The primary endpoint of the study was to compare the 
prevalence of an incomplete circle of Willis between mi- 
graine patients without aura and healthy controls. A 
multiple logistic regression analysis was performed to 
investigate whether there was a simple relationship be- 
tween incomplete circle of Willis and migraine without 
aura or if the participant ages played a role. Circle of 
Willis was selected as the dependent variable and the 
diagnosis and age as explanatory variables. Statistical 
analyses were performed using IBM SPSS Statistics for 
Mac (version 20.0.0), and the level of significance was 
accepted at 5%. 

Findings 

We identified 85 female participants, of whom 48 suf- 
fered from migraine without aura (median age, 28 years 
[range, 20-58 years]) and 37 were healthy controls (me- 
dian age, 25 years [range, 20-34 years]). The magnetic 
resonance angiography image for one patient could not 
be assessed because of motion blurs. 

Circle of Willis and migraine without aura 

We found no difference between the prevalence of in- 
complete circle of Willis in patients, 20/47 (43%), and 



controls, 15/37 (41%), p = 0.252. In addition, we found a 
significant relationship between age and prevalence of 
incomplete circle of Willis, p = 0.003 (Figure 3). 

Discussion 

The main finding of the present study is that migraine 
without aura is not associated with a higher prevalence 
of an incomplete circle of Willis compared to healthy 
controls (43% versus 41%). Human studies show large 
anatomical variability in the general population. Using 
magnetic resonance angiography of healthy volunteers, 
the reference value for morphologic variants was re- 
ported as high as 58% [7]. Our study confirms a recently 
published study by Cucchiara and colleagues [8] who 
also found no difference in the prevalence of incomplete 
circle of Willis between migraine without aura patients 
and controls. A retrospective study showed no difference 




Complete Incomplete 
Circle of Willis 

Figure 3 The prevalence of an incomplete circle of Willis showed 
a significant relationship with participant age (p = 0.003). 
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in circle of Willis prevalence between migraine patients 
and healthy volunteers [10], whereas two other studies 
reported circle of Willis anomalies to be significant more 
frequent in patients with and without aura [11,12]. The 
most recently published study by Cucchiara and col- 
leagues [8] found no difference in circle of Willis anom- 
alies between migraine without aura and healthy subjects 
(67% versus 51%, p = 0.08). The participants were re- 
cruited from a neurological clinic and by advertisement. 
Participants referred to a neurological clinic may not be 
labelled as being completely healthy. This can partly ex- 
plain the slightly higher prevalence of incomplete circle of 
Willis reported by Cucchiara and colleagues [8] compared 
to the present study. In our study, the patients were young 
and were excluded if they suffered from other serious 
medical disorders. Increasing age is positively correlated 
with an incomplete circle of Willis. The patients in our 
study did not suffered from less severe migraine, but 
had less co-morbidity, which may affect the outcome. The 
strength of our study is also that we included only female 
patients and controls. Furthermore, the controls were 
completely healthy volunteers without other diseases, 
headaches or use of any kind of daily medication (except 
oral contraceptives). The proposed relationship between 
migraine and an incomplete circle of Willis is that it might 
cause decrease in regional cerebral blood flow. If the brain 
is hyperexcitable the incomplete circle of Willis may not 
provide satisfactory blood supply, which may result in is- 
chemia and cortical spreading depression [6]. This theory 
could be plausible in patients with aura, but in patients 
without aura it is even more speculative suggesting "silent" 
cortical spreading depression [13]. In conclusion, in agree- 
ment with previous studies, we found no relationship be- 
tween female migraineurs without aura and an incomplete 
circle of Willis. 
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